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Specification 

1. Title of the Invention 

NONMAGNETIC SPRING MATERIAL AND METHOD FOR ITS PRODUCTION 

2. Scope of Patent Claim 

1. A nonmagnetic spring material having high spring performance, which 
contains, by weight percent, 5 - 35% manganese, 5 - 35% nickel, and a total of 
0.001 - 20% of any one or two or more elements included in the following group 
1 elements and/or group 2 elements, with the remainder being essentially 
copper. 

(List) 

Group 1 elements 

/romium, iron, cobalt, germanium, 
xlenum, hafnium, tantalum, 
tungsten 

Furthermore, the total content of elements of group 1 elements is within a 
range of 0.01 -15%. 
Group 2 elements 



) 1 elements 

Aluminum, silicon, titar^m, vanadium, cl/omii 
arsenic, zinc, tin, zirconium, niobium, molyodei 
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Carbon, nitrogen, magnesium, beryllium, phosphorus, sulfur, calcium, 
potassium, selenium, yttrium, rare-earth elements, silver, indium, tellurium, 



Furthermore, the total content of elements of group 2 elements is within a 
range of 0.001 -5%. 

2. The nonmagnetic spring material in claim 1, further characterized in 
that the spring critical value is 100 kg/mm 2 and the permanent set to 
displacement by the spring critical value or a higher value is low. 

3. The nonmagnetic spring material in claim 1 , further characterized in 
that the spring material is used in magnetic heads. 

4. A method for producing a nonmagnetic spring material having high 
spring performance, characterized in that an alloy that contains, by weight 
percent, 5 - 35% manganese, 5 - 35% nickel, and a total of 0.001 - 20% of any 
one or two or more elements included in the group 1 elements and/or group 2 
elements, with the remainder being essentially copper, is solution-annealed, then 
cold-drawn, and further aged. 

Group 1 elements 

Aluminum, silicon, titanium, vanadium, chromium, iron, cobalt, germanium, 
arsenic, zinc, tin, zirconium, niobium, molybdenum, hafnium, tantalum, 
tungsten 

Furthermore, the total content of elements of group 1 elements is within a 
range of 0.01 -15%. 
Group 2 elements 




lead 
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Carbon, nitrogen, magnesium, beryllium, phosphorus, sulfur, calcium, 
potassium, selenium, yttrium, rare-earth elements, silver, indium, tellurium, 
lead 

Furthermore, the total content of elements of group 2 elements is within a 
range of 0.001 -5%. 

5. The method for producing a nonmagnetic spring material in claim 4, 
further characterized in that solution annealing is performed at 700°C - 1,000°C. 

6. The method for producing a nonmagnetic spring material in claim 4, 
further characterized in that cold drawing is performed at a draft of 10% or more. 

7. The method for producing a nonmagnetic spring material in claim 4, 
further characterized in that aging is performed at 350 - 500°C. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention pertains to a spring material that is nonmagnetic 
and has excellent spring performance, and a method for its production. 
[Prior Art and Problems] 

There is a demand for high-strength springs that are repeatedly 
nonmagnetic in the presence of a magnetic field and have excellent spring 
performance, [and these are used] starting with magnetic recording-related 
equipment. For instance, during the process of casing magnetic heads in the 
production of magnetic heads, magnetic-head push spring (2) is used in order to 
anchor a magnetic head consisting of core (1), coil (3), terminal (5), resin part (6), 
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core holder (7), etc., to shield case (4) and to maintain dimensional accuracy, as 
shown in Figure 1. Phosphor bronze and beryllium copper have been used in 
these magnetic-head push springs, but recently production technology has 
become more difficult as a result of the development of high-performance 
magnetic heads. There is a demand for high spring performance in order to 
obtain better dimensional accuracy with these magnetic-head push springs. 
From this standpoint, there is a need for improvement, because, although it can 
be said that beryllium copper is a good material, beryllium vapor and beryllium 
oxides, etc., which are toxic to humans, are generated during this production 
process and also, this production process is complex. 

Moreover, although Ni-Si-Cu alloys and Ti-Cu alloys have recently been 
developed as alloys having the same high spring performance as beryllium 
copper, these alloys are not sufficient. 

[Object of the Invention] 

The present invention is in light of the above-mentioned problems, its 
object being to present a nonmagnetic spring material with the same or better 
spring performance as beryllium copper and a method for producing the same. 

[Summary of the Invention] 

The present inventors were the first to discover that the same high spring 
performance as with beryllium copper is obtained by solution annealing an alloy 
that contains, by weight percent, 5 - 35% manganese, 5 - 35% nickel, and a 
total of 0.001 - 20% of any one or two or more elements included in the group 1 
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elements and/or the group 2 elements, with the remainder being essentially 
copper, then cold drawing, and further aging. 
Group 1 elements 

Aluminum, silicon, titanium, vanadium, chromium, iron, cobalt, germanium, 
arsenic, zinc, tin, zirconium, niobium, molybdenum, hafnium, tantalum, 
tungsten 

Furthermore, the total content of elements of group 1 elements is within a 
range of 0.01 - 15%. 
Group 2 elements 

Carbon, nitrogen, magnesium, beryllium, phosphorus, sulfur, calcium, 
potassium, selenium, yttrium, rare-earth elements, silver, indium, tellurium, 
lead 

Furthermore, the total content of elements of group 2 elements is within a 
range of 0.001 -5%. 

That is, in the past it was possible to evaluate spring performance based 
on the spring critical value (or tensile strength) alone, but the inventors of the 
present invention were the first to discover that in addition to the spring critical 
value, the permanent set to stress that exceeds the spring critical value is 
important to spring performance and that high spring performance is only 
realized by obtaining both of these properties (the spring critical value and the 
permanent set to displacement by the spring critical value or higher). For 
instance, judging from studies of Cu-Ni-Sn alloys and Cu-Ti alloys, the spring 
critical value is definitely as high as with beryllium copper. However, the 
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permanent set to displacement by the spring critical value or higher is clearly 
high when compared to that of beryllium copper. Consequently, spring 
performance is not necessarily good. As shown in this example as well, the 
spring critical value and the permanent set to displacement by the spring critical 
value or higher are not related to one another and each is an independent 
[value]. Consequently, it is not possible to obtain high spring performance unless 
both properties are good. Beryllium copper does satisfy both of these properties, 
but it has not been possible to develop [materials] that rival [beryllium copper]. 

Therefore, the inventors performed various studies in order to obtain 
spring materials with a high spring critical value and a low permanent set to 
displacement by the spring critical value or higher and as a result, they obtained 
a spring material with both good [spring critical value and permanent set], that is, 
high spring performance, only when they used the method of the present 
invention for the alloys of the present invention. 

The nonmagnetic spring materials and method for their production of the 
present invention will now be described. First, the reason for restricting the 
composition of the nonmagnetic spring material will be discussed. Manganese is 
an element that is necessary in order to guarantee spring strength. When the 
amount [of manganese] is 5% or higher, spring strength that is the same as or 
better than that of conventional beryllium copper is easily obtained, while if it is 
35% or less, sufficient elongation is easily obtained and there will be almost no 
bending and there will be little permanent set when displacement by the spring 
critical value or higher is applied to the spring. Therefore, [the amount of 
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manganese] was set within this range. [A content of] 8 - 20% is preferred and 
10-15% is most preferred. By restricting [the amount of manganese] to within 
this range, the permanent set to stress by the spring critical value or higher is 
kept very low and it is even easier to obtain a spring material [with properties that 
are] the same as or better than those of beryllium copper. Nickel is an element 
that is necessary for forming a compound with the manganese to precipitate in 
the alloy matrix and to improve spring strength. When the amount [of nickel] is 
5% or higher, sufficient spring strength is easily obtained, while if it is 35% or 
less, sufficient elongation is easily obtained and there will be almost no bending 
and there will be little permanent set when displacement by the spring critical 
value or higher is applied to the spring. Therefore, [the amount of nickel] was set 
within this range. [A content] of 8 - 20% is preferred and 10 - 15% is most 
preferred. As with the manganese, by restricting [the amount of nickel] to within 
this range, the permanent set to displacement by the spring critical value or 
higher is kept even smaller and it is even easier to obtain a spring material [with 
properties that are ] the same or better than those of beryllium copper. 

The elements of group 1 elements and group 2 elements are important 
elements in the present invention. If there is too little of these elements, the 
desired properties will not be obtained because precipitation will not occur to 
such an extent that spring strength can be guaranteed and even though 
elongation will be large, the spring critical value will be low. Moreover, if the 
content of these elements is high, the desired spring strength will be obtained to 
the utmost, but elongation will be small and bending will readily occur and the 
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permanent set will be large when displacement exceeding the spring critical 
value is applied. Consequently, taking these facts into consideration, the total 
content of group 1 elements is 0.01 - 15%, preferably 0.02 - 13%, most 
preferably 0.05 - 10%, and the total content of group 2 elements is 0.001 - 5%, 
preferably 0.005 - 4%, most preferably 0.01 - 3%. Furthermore, the total 
content of elements contained in group 1 elements and group 2 elements is 
0.001 -20%. 

Next, the production method will be described. First, solution-annealing 
treatment is performed. This treatment will homogenize the alloy components 
and is conducted in order to provide uniform spring strength with the aging 
treatment that follows. It must be performed at 700°C or higher, preferably 800°C 
or higher. However, taking into consideration the fact that increasing the 
temperature has little effect and in order to avoid the formation of coarse crystal 
particles, [the temperature] is 1,000°C or lower, preferably 850 - 950°C. 

Next, cold drawing is performed. This cold drawing is important in the 
production of spring materials of the present invention, for instance, magnetic- 
head push springs. If cold drawing is not performed, the material will be too soft 
when it is molded into the spring and it will not have so-called "substance" and 
therefore, it will be difficult to handle when molded into a spring shape, aging 
treatment time will be prolonged, which is industrially [inefficient], and sufficient 
spring strength will not be obtained, etc. Therefore, the cold draft must be at 
least 10% or higher, preferably 30% or higher. However, excess cold drawing 
will increase the hardness of the material and the press mold will readily become 



damaged during the molding of springs. Moreover, cracks will readily form in 
bends. Therefore, in terms of practical use, [the cold draft] is 80% or less, 
preferably 70% or less. 

Aging treatment is performed next. This aging treatment is a heat 
treatment that is important for providing spring strength to the spring material of 
the present invention and this treatment must be performed at a temperature of 
350°C or higher. However, if aging is performed at a temperature exceeding 
500°C, [the material] will be over-aged and therefore, [the temperature] was set 
within this range. Industrially, 380 - 480°C is preferred and 430 - 470°C is most 
preferred. 

The spring material of the present invention can be used for any part that 
requires elasticity. For instance, it is particularly preferred for magnetic-head 
push springs, connectors, and eyeglass parts. 

[Examples of the Invention] 

The method of production shown in Table 1 was performed for alloys 
having the components shown in Table 1 to make sheets with a thickness of 0.25 
mm, width of 10.0 mm, and length of 100 mm. These sheets were supported at 
both ends at intervals of 12 mm and a weight was applied from above until a 
displacement of 3 mm occurred at the center. After being kept in this state for 5 
seconds, the weight was removed and the permanent set at the center was 
determined. The results are listed in Table 1. 

As is clear from these results, the alloys of the present invention have a 
high spring critical value and a low permanent set to displacement by the spring 
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critical value or greater and therefore, it can be said that they have excellent 
spring performance (high spring performance). Furthermore, when the spring 
materials of the present invention were actually mounted as magnetic-head push 
springs and their service life, ease of handling, and reliability were determined, it 
was confirmed that they were the same as or better than beryllium copper alloy. 
[Results of the Invention] 

The spring materials of the present invention that were produced by the 
above-mentioned production method have excellent spring properties and are 
therefore ideal as spring materials for electronic components, magnetic parts, 
etc. 
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4. Brief Description of the Invention 

Figure 1 is a cross section showing an example of the magnetic head. (1) 
in the figure is the core, (2) is the magnetic-head push spring, (3) is the coil, (4) is 
the shield case, (5) is the terminal, (6) is the resin, and (7) is the core holder. 

Figure 1 . 
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